ABSTRACT
3 mechanism, we sought to characterize the time-course as well as the frequency specificity of 4 changes in acoustic reflex thresholds (ARTs). In addition, we compared ipsilateral and 5 contralateral measurements because the pattern of findings may shed light on the anatomical 6 location of the change in neural gain. Twenty-four normal-hearing adults wore an earplug 7 continuously in one ear for six days. We measured ipsilateral and contralateral ARTs in both 8 ears on six occasions (baseline, after 2, 4 and 6 days of earplug use, and 4 and 24 hours after 9 earplug removal), using pure tones at 0.5, 1, 2 and 4 kHz and a broadband noise stimulus, and 10 an experimenter-blinded design. We found that ipsi-as well as contralateral ARTs were 11 obtained at a lower sound pressure level after earplug use, but only when the reflex was 12 elicited by stimulating the treatment ear. Changes in contralateral ARTs were not the same as several days can also induce the perception of phantom sounds (Schaette et al., 2012) and 55 increase the perceived loudness of sounds (Formby et al., 2003; Munro et al., 2014) , the 56 changes caused by auditory deprivation might also be involved in the generation of tinnitus 57 and hyperacusis. A detailed characterization of the gain mechanism underlying changes in 58 ART could therefore provide insights into how tinnitus and hyperacusis are generated. 59 
60
Changes in ARTs after deprivation or stimulation have been measured in humans in a series 61 of studies (see Table I ). A detailed characterization of time course and frequency-specificity 62 of the effects are desirable, as the information available from previous studies is incomplete 63 in these respects. Also, the location within the auditory pathway where changes in gain might 64 be generated has still to be identified. The average attenuation values were 9-16 dB at 0.5-1 kHz and 24-30 dB at 2-4 kHz. 
Results

244
We investigated the effects of 6 days of unilateral auditory deprivation on ARTs. ARTs between the two ears was <2 dB and was not statistically significant on paired t-tests.
249
In the treatment ear, ARTs decreased over the 6 days ( trend of recovery to baseline levels was evident, with the biggest change occurring in the first 310 4 hours (Fig. 2) . Although the change in the control ear was negligible, we analyzed the 311 asymmetry in ART between ears so that any change due to either ear was included.
313
The difference in mean ear asymmetry (Fig 2, bottom panel 
Frequency specificity of changes in ARTs
330
Another aim of the study was to assess the frequency specificity of changes in ipsilateral In the baseline condition (day 0), the mean absolute ART values at 4 kHz were higher than at 341 the other frequencies (Fig. 2) . Statistical analysis was therefore carried out on the change in 342 mean ARTs relative to baseline (Fig. 3) , to avoid a significant finding due to a difference in ARTs in the control ear were small, and differences across frequencies were not significant. by stimulating the treatment ear (Fig. 4, top row) , and ARTs generally showing only little 374 change from baseline when the ART was elicited by stimulating the control ear (Fig. 4,   375 bottom row). We first investigated the change in mean ARTs for the ipsilateral and contralateral 382 conditions, for presentation of the eliciting stimuli to the treatment ear (Fig 4, top row) , In our study, changes in ARTs in the treatment ear reached significance from day 4 onwards.
428
The onset of change in ARTs is similar to changes in spontaneous firing rates in the dorsal 429 cochlear nucleus that have been reported in animal studies. In the study by Kaltenbach et al.
430
(2000), the mean rate of spontaneous activity increased sharply from below normal levels on 431 day 2 to levels that were significantly higher than normal on day 5 after unilateral tone The earplugs used to create auditory deprivation in our study attenuated high frequencies 534 more strongly than low frequencies (Fig. 1) . The ART measurements showed a significant 535 effect of frequency for ipsilateral ARTs in the treatment ear, where we observed smaller 536 changes at lower frequencies (0.5 and 1 kHz) and larger changes at higher frequencies (2 and 537 4 kHz) (Fig. 3) . This finding suggests that the changes in ARTs are indeed manifestations of 538 a frequency-specific plasticity response. This conclusion is further supported by the finding 539 of large changes in ARTs for BBN (Fig. 2) (Fig. 1) . Unfortunately, the test equipment did not allow direct measurements at 3 kHz.
551
However, a significant effect at 1 kHz should have also been expected to occur, if there was a 552 contribution from the 2 kHz region. Instead, the non-significant effect at 4 kHz could reflect 553 high variability and lack of power. retirements (Niemeyer, 1971) .
The frequency-specificity of such plasticity mechanisms in the auditory system could be 577 investigated in more detail in a future study with active earplugs providing specifically 578 shaped patterns of attenuation, or with hearing aids with different frequency bands amplified.
579
Furthermore, using measurement procedures that are not limited to high sound levels (e.g. 
Changes in ipsilateral versus contralateral ARTs
584
The present study was able to demonstrate a reduction in the ART following earplug use 585 when the stimulus was presented to the treatment ear, regardless of which ear the reflex was 586 being measured (Fig. 4) . In contrast, there was a significant difference in the mean ART after 
Conclusions
651
This study is novel in showing that the asymmetry between the ARTs in the treatment and the 652 control ear is evident from day 4 and at the frequencies that received the greatest attenuation.
653
Recovery was shown to occur 4 hours after the removal of the earplug at most frequencies.
654
The changes in ART were observed in both ears, when stimulating the treatment ear. 
